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Abstract 
6KRUWHUSURGXFWOLIHF\FOHVDQGHPHUJLQJWHFKQRORJLHVLQWKHILHOGRILQGXVWULDOHTXLSPHQWDUHFKDQJLQJWKHSUHUHTXLVLWHVDQG
FLUFXPVWDQFHVXQGHUZKLFK WKHGHVLJQRIDVVHPEO\DQG ORJLVWLFVV\VWHPV WDNHVSODFH3ODQQHUVKDYH WRDGDSW WKHSURGXFWLRQ LQ
DFFRUGDQFHZLWKWKHXQGHUO\LQJSURGXFWDWDKLJKHUSDFHRYHUVHHDPRUHFRPSOH[V\VWHPDQG±PRVWLPSRUWDQWO\±ILQGWKHLGHDO
VROXWLRQIRUIXQFWLRQDODVZHOODVVRFLDOLQWHUDFWLRQEHWZHHQKXPDQVDQGPDFKLQHVLQDF\EHUSK\VLFDOV\VWHP6XFKFROODERUDWLYH
ZRUN V\VWHPV FRQVLGHU WKH LQGLYLGXDO FDSDELOLWLHV DQG SRWHQWLDOV RI KXPDQV DQGPDFKLQHV WR FRPELQH WKHP LQ DPDQQHU WKDW
DVVLVWV WKH RSHUDWRU GXULQJ KLV GDLO\ ZRUN URXWLQH WRZDUGVPRUH SURGXFWLYH OHVV EXUGHQLQJZRUN 7R EH DEOH WR GHVLJQZRUN
V\VWHPVZKLFKDFWRQWKDWPD[LPVSHFLILFFRPSHWHQFHVVXFKDVWKHDELOLW\RILQWHJUDWHGSURFHVVDQGSURGXFWSODQQLQJDVZHOODV
V\VWHPVDQGLQWHUIDFHFRPSHWHQFHDUHUHTXLUHG7KH(6%/RJLVWLFV/HDUQLQJ)DFWRU\WUDLQVVWXGHQWVDVZHOODVSURIHVVLRQDOVWR
JDLQ VXFK TXDOLILFDWLRQ E\ SURYLGLQJ D FORVHWRUHDOLW\ OHDUQLQJ HQYLURQPHQW EDVHG RQ D GLGDFWLFDO FRQFHSW ZKLFK FRYHUV DOO
UHOHYDQW PHWKRGV IRU HUJRQRPLF ZRUN V\VWHP GHVLJQ DQG D VWDWHRIWKHDUW LQIUDVWUXFWXUH FRPSRVHG RI DQ PDQXDO DVVHPEO\
V\VWHP VHUYLFH URERWV YLVXDO DVVLVWDQFH V\VWHPV VHQVRUEDVHG ZRUN ORDG PRQLWRULQJ DQG ORJLVWLFDO UHVRXUFHV *URXSEDVHG
DFWLYLW\RULHQWHGVFHQDULRVHQDEOH WKHSDUWLFLSDQWV WRSXW WKH OHDUQLQJV LQWRSUDFWLFHZLWKLQ WKHLUSURIHVVLRQDOHQYLURQPHQWV%\
WKLV /HDUQLQJ )DFWRULHV KDYH DQ LQGLUHFW LPSDFW RQ WKH WUDQVIHU RI SURYHQ EHVW SUDFWLFHV WR WKH LQGXVWU\ DQG WKHUHE\ RQ WKH
GLIIXVLRQRIWKHLGHDRIDKXPDQFHQWULFZRUNLQJHQYLURQPHQW

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHVFLHQWLILFFRPPLWWHHRIWKHWK&RQIHUHQFHRQ/HDUQLQJ)DFWRULHV
.H\ZRUGV/HDUQLQJ)DFWRU\/RJLVWLFV+XPDQ0DFKLQH,QWHUIDFH&ROODERUDWLRQ,QWHUDFWLRQ(UJRQRPLFV&\EHU3K\VLFDO6\VWHPV&36
1. Introduction 
0DQXIDFWXULQJ FRPSDQLHV DUH FXUUHQWO\ IDFLQJ VRFLR
WHFKQRORJLFDO WUHQGV ZKLFK DUH H[SHFWHG WR LQIOXHQFH WKH
JHQHUDOFRQGLWLRQVXQGHUZKLFKYDOXHFUHDWLRQWDNHVSODFH>
@ 7KH HPHUJHQFH RI QHZ WHFKQRORJLHV DQG LQFUHDVLQJO\
VKRUWHU SURGXFW OLIH F\FOHV DV WHFKQRORJ\ UHODWHG WUHQGV
FRPELQHG ZLWK WKH VRFLDO PHJDWUHQG RI DQ RQJRLQJ
GHPRJUDSKLFFKDQJHLQYDULRXVOHDGLQJLQGXVWULDOQDWLRQVZLOO
OHDG WR IXQGDPHQWDO FKDQJHV 7KHVH XSFRPLQJ FKDQJHV DUH
DIIHFWLQJ WKH WHFKQLFDO LQIUDVWUXFWXUH RI PDQXIDFWXULQJ
IDFLOLWLHV DV ZHOO DV WKH LQWHUDFWLRQ EHWZHHQ HPSOR\HHV DQG
PDFKLQHV ZLWKLQ QHZ VRFDOOHG F\EHUSK\VLFDO SURGXFWLRQ
V\VWHPV&336&336ZLOO UHVXOW LQDJOREDOFURVVOLQNLQJRI
PDFKLQHULHVVWRUDJHDQGORJLVWLFVV\VWHPVDQGRWKHUPHDQVRI
SURGXFWLRQ 7KLV HVSHFLDOO\ LQFOXGHV D KRUL]RQWDO UHDOWLPH
RSWLPL]HG LQWHJUDWLRQ RI YDOXH DGGLQJ QHWZRUNV WKH GLJLWDO
FRQVLVWHQF\ RI DOO HQJLQHHULQJ SURFHVVHV DORQJ WKH FRPSOHWH
SURGXFW OLIHF\FOH DV ZHOO DV WKH FRUUHVSRQGLQJ YDOXH VWUHDP
FRPELQHGZLWK WKH YHUWLFDO LQWHJUDWLRQ DQG XSOLQNLQJ RI WKH
LQYROYHG SURGXFWLRQ V\VWHPV :LWKLQ &336 HPSOR\HHV
PDFKLQHV DQG UHVRXUFHV ZLOO FRPPXQLFDWH DQG FROODERUDWH
OLNH LQ D VRFLDO QHWZRUN ,Q OLQH ZLWK WKH WHFKQRORJLFDO
FKDQJHV WKH UROH RI HPSOR\HHV DV ZHOO DV WKH UHTXLUHPHQWV
DQG FRPSHWHQFH SURILOHV RI WKRVH RSHUDWLQJ ZLWKLQ VXFK
V\VWHPVDUHJRLQJWRFKDQJHYDVWO\>@
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$VDFRQVHTXHQFHRI WKHGHPRJUDSKLFFKDQJH LQ(XURSHDQG
PDQ\ RWKHU GHYHORSHG FRXQWULHV WKH DJH VWUXFWXUH RI
HPSOR\HHV LV JRLQJ WR FKDQJH E\ PHDQV WKDW WKH VKDUH RI
\RXQJHPSOR\HHVLVJRLQJWRGHFUHDVHDQGFRQVHTXHQWO\OHDGV
WRDQDJHLQJRIWKHZRUNIRUFH>@,QOLQHZLWKWKHJURZLQJ
UDWLRRIROGHUSHRSOHZRUNV\VWHPVKDYHWREHDGDSWHGWRFRSH
ZLWK QHZ UHTXLUHPHQWV $V D UHVSRQVH WR WKLV GHYHORSPHQW
DQG WR HQVXUH HPSOR\DELOLW\ GXULQJ DOO SKDVHV RI WKH
RFFXSDWLRQDO OLIH F\FOH LQQRYDWLYH WHFKQLFDO DVVLVWDQFH
V\VWHPV>@DOUHDG\DYDLODEOH WRGD\FDQEHGHSOR\HGWRDVVLVW
WKH HPSOR\HHV DQG UHGXFH EXUGHQLQJ SKHQRPHQD VXFK DV
VWUHVV DQG VWUDLQ 7R FRSH ZLWK WKHVH FKDQJHV VSHFLILF
VWUDWHJLHV DUH QHHGHG IRU WKH FRPSHWHQFH GHYHORSPHQW RI
WKRVH ZKR DUH LQ FKDUJH RI GHVLJQLQJ VXFK KXPDQFHQWHUHG
WHFKQRORJ\EDVHGZRUNV\VWHPV%HVLGHVDFWLYLWLHVWRVHQVLWL]H
WKH ZRUNIRUFH UHJDUGLQJ QHZ DYDLODEOH WHFKQRORJLHV DQG D
IXQGDPHQWDO XQGHUVWDQGLQJ RI WKH FRUH PHWKRGV RI KXPDQ
FHQWHUHGZRUNSODFHGHVLJQ UHOHYDQW FRPSHWHQFHV QHHGHG IRU
DQ KXPDQFHQWULF LQWHUDFWLRQ EHWZHHQ HPSOR\HHV DQG
PDFKLQHULHV  UHVSHFWLYHO\ &36  PXVW EH DGGUHVVHG > @
7KHRXWVWDQGLQJ VLJQLILFDQFH RITXDOLILHGSHUVRQQHO DV D NH\
IDFWRU IRU D VXFFHVVIXO LPSOHPHQWDWLRQ RI LQQRYDWLYH
WHFKQRORJLHVOLNH&36DQGWKHFRQILJXUDWLRQRIVWDWHRIWKHDUW
KXPDQPDFKLQHLQWHUIDFHV ZLWKLQ WKH IDFWRU\ LV SURYHQ E\
VHYHUDO VXUYH\V DQG VWXGLHV > @ ,Q WKLV UHJDUG OHDUQLQJ
IDFWRULHV OLNH WKH /RJLVWLFV /HDUQLQJ )DFWRU\ RI WKH (6%
%XVLQHVV6FKRRODIDFXOW\RI5HXWOLQJHQ8QLYHUVLW\VHUYHDV
FORVHWRUHDOLW\ OHDUQLQJ HQYLURQPHQWVZKLFK FDQEHXVHG WR
LQIRUPVHQVLWL]HDQGHGXFDWHGLIIHUHQWWDUJHWJURXSV
2. The role of humans 
6FLHQWLVWV HPSOR\HU UHSUHVHQWDWLYHV DQG ODERU XQLRQV
FRQVHQW RQ WKH IXWXUH UROH PRGHO RI HPSOR\HHV ZKR DUH
GHVLJQLQJ DQGRU RSHUDWLQJ PDQXIDFWXULQJ V\VWHPV WKDW DUH
VXEMHFW WR WKHGHVFULEHG VRFLRWHFKQRORJLFDO LPSDFWV >@
7KLV ZLOO QRW RQO\ DIIHFW WKH PDFKLQHWRPDFKLQH
FRPPXQLFDWLRQ EXW DOVR WKH LQWHUDFWLRQ EHWZHHQ HPSOR\HHV
DQG SK\VLFDO REMHFWV LQ FROODERUDWLYH ZRUN HQYLURQPHQWV
&RQVHTXHQWO\WKHWHFKQRORJLFDOSURJUHVVZLOOOHDGWRDFKDQJH
RIWDVNVRIHPSOR\HHVDQGDVKLIWRIWKHUHTXLUHGFRPSHWHQFHV
DQG MRE VSHFLILFDWLRQV >@ZKLFK HVSHFLDOO\ZLOO LQYROYH WKH
QDWXUDOFDSDFLWLHVRIWKHHPSOR\HHVOLNHLQWHOOLJHQFHFUHDWLYLW\
DQGHPSDWK\>@
$ IHDVLEOH UROH RI HPSOR\HHV LQ D IXWXUH F\EHUSK\VLFDO
ZRUN HQYLURQPHQW ZLOO EH D IXQFWLRQ LQ VXSHUYLVLRQ RI WKH
VXSHULRU SURGXFWLRQ VWUDWHJ\ FRPELQHG ZLWK WKH UROH RI D
FUHDWLYH DQG VNLOOHG SUREOHP VROYHU ZKR LV GHDOLQJ ZLWK
RFFXUULQJLVVXHVZLWKLQWKHZRUNV\VWHPDGKRF7RLQWHUYHQH
LQWKHF\EHUSK\VLFDOSURGXFWLRQV\VWHP&336WKHHPSOR\HH
ZLOO EH DVVLVWHG E\ YDULRXV IOH[LEOH SDUWO\ PRELOH KXPDQ
PDFKLQHLQWHUDFWLRQ VROXWLRQV DQG JDLQ D KLJKHU OHYHO RI
UHVSRQVLELOLW\ >@ ,Q GRLQJ VR WKH HPSOR\HH ZLOO XVH
DJJUHJDWHG UHDOWLPH LQIRUPDWLRQ IURP WKH &336 WR GHULYH
DFWLRQV RU LQWHUYHQWLRQV DIWHU LQWHUSUHWLQJ WKH DYDLODEOH GDWD
%H\RQG LQIRUPDWLRQ SXUHO\ UHODWHG WR RSHUDWLRQV DOVR
HUJRQRPLF GDWD FDQ EH DVFHUWDLQHG DQG FRQVLGHUHG E\ WKRVH
VWHHULQJDQGRSWLPL]LQJWKHVRFLRWHFKQRORJLFDOZRUNV\VWHPV
$WWKH(6%/RJLVWLFV/HDUQLQJ)DFWRU\ OHDUQHUVFDQVOLSLQWR
WKDW GHVFULEHG UROH D VRFDOOHG ³VWUHVV DQG VWUDLQ FRFNSLW´ LV
XVHG WR DVVHVV VWUHVVDQGVWUDLQRIHPSOR\HHVDQG WR IHHG WKH
JHQHUDWHG HUJRQRPLF GDWD EDFN WR WKH GLJLWDO SODQQLQJ
HQYLURQPHQWDOORZLQJUHDOWLPHV\VWHPDGDSWLRQ
3. Competencies and qualification  
(YHQ LQ WKHKLJKO\ WHFKQRORJLFDO ILHOGRI&336 WKHUHZLOO
EHVLPSOHWDVNVIRUOHVVTXDOLILHGHPSOR\HHV>@7KHUHDVRQ
LV QRW FDXVHG E\ WHFKQRORJLFDO OLPLWDWLRQV EXW UDWKHU
HFRQRPLF UHDVRQV ZKLFK PLOLWDWH DJDLQVW DXWRPDWLQJ WKHVH
SURFHVVHV )RU WKHVH WDVNV LQQRYDWLYH WHFKQLFDO DVVLVWDQFH
V\VWHPV OLNH FROODERUDWLYH URERWV KDYH D KLJK SRWHQWLDO WR
FUHDWH OHVV EXUGHQLQJ ZRUN V\VWHPV WR FRSH ZLWK WKH
LQWHQVLI\LQJ GHPRJUDSKLF FKDQJH 1HYHUWKHOHVV WKH JURZLQJ
SHQHWUDWLRQ RI &336 ZLOO FDXVH D KLJKHU GHPDQG IRU KLJKO\
TXDOLILHGHQJLQHHUVZLWKSURIRXQG ,7DQGFROODERUDWLYHZRUN
V\VWHPGHVLJQVNLOOV>@
7R SDUDOOHOL]H WKH HPSOR\HH TXDOLILFDWLRQ DQG WUDLQLQJ
SURFHVVHV ZLWK WKH WHFKQRORJLFDO DQG VRFLDO FKDQJHV WDNLQJ
SODFH LQ WKH LQGXVWU\ VSHFLILF TXDOLILFDWLRQ VWUDWHJLHV DQG
FRQFHSWV KDYH WR EH GHYHORSHG RU H[LVWLQJ FRQFHSWVPXVW EH
DGDSWHG UHVSHFWLYHO\$PRQJVW RWKHUV D EDVLF XQGHUVWDQGLQJ
RI KRZ WR XVH WKH DYDLODEOH GDWD VRXUFHV LQ DQ HIILFLHQWZD\
DQG VSHFLILF SURIHVVLRQDO DQG PHWKRGLFDO FRPSHWHQFHV DUH
HVVHQWLDO WR LPSOHPHQW D &336 >@ 7KH UHTXLUHG
TXDOLILFDWLRQ PHDVXUHV FRYHULQJ HOHPHQWV RI YDULRXV
HQJLQHHULQJ GLVFLSOLQHV WR WUDLQ WKH QHHGHG FRPSHWHQFHV DQG
V\VWHP DZDUHQHVV RI WKHVH SURGXFWLRQ V\VWHPV KDYH WR EH
DGGUHVVHG WR DOO HPSOR\HHV UHDFKLQJ IURP VNLOOHGZRUNHUV WR
HQJLQHHUV>@
4. Learning Factories 
&KDQJLQJ VNLOO UHTXLUHPHQWV OHDG WR D FKDQJLQJ XVH RI
WHDFKLQJDQG OHDUQLQJPHWKRGVZKLFKFDQDOVRPHHWVSHFLILF
WUDLQLQJ REMHFWLYHV LQ WKH ILHOGV RI SODQQLQJ LPSOHPHQWDWLRQ
DQG RSWLPL]DWLRQ RI ZRUN DQG ORJLVWLFV V\VWHPV 2YHUDOO D
JURZLQJ LQWHUHVW LQ SUDFWLFDO DQG H[SHULHQWLDO WHDFKLQJ RU
OHDUQLQJHQYLURQPHQWVFDQEHGHWHUPLQHG$VDUHVXOWOHDGLQJ
XQLYHUVLWLHV DQG FROOHJHV UHDFW E\ HVWDEOLVKLQJ OHDUQLQJ
IDFWRULHV>@7KHVHSK\VLFDORSHUDWLRQDOIDFWRULHVXVXDOO\
FRYHU WKH ZKROH FUHDWLRQ SURFHVV RI D SURGXFW VHOHFWHG LQ
DFFRUGDQFH ZLWK GLGDFWLFDO FULWHULD DQG VHUYH DV H[HPSODU\
DQG UHDOLVWLF OHDUQLQJ HQYLURQPHQWV 7KH FRQFHSW RI OHDUQLQJ
IDFWRULHV LQWHJUDWHV VHOIGLUHFWHG DQG DFWLRQRULHQWHG OHDUQLQJ
LQ KHWHURJHQHRXV JURXSV WR HQFRXUDJH LPSOLHG H[SHULHQWLDO
NQRZOHGJH LQWHJUDWHG LQWR D IRUPDO GLGDFWLFDO FRQFHSW 7KLV
HQDEOHV WKH WUDLQHU WR DGGUHVV WKH LQWHQGHG FRPSHWHQFHV
V\VWHPDWLFDOO\ E\ JXLGLQJ WKH OHDUQHUV WKURXJK WKH SURFHVVHV
QHFHVVDU\WRDFTXLUHWKHLQWHQGHGNQRZOHGJHDQGSURIHVVLRQDO
DQGRU YRFDWLRQDO FRPSHWHQFLHV 7KLV V\PELRWLF FRPELQDWLRQ
RI WHDFKLQJSURIHVVLRQDOH[SHUWLVHPHWKRGLFDO DQG LQGLYLGXDO
FRPSHWHQFLHVDVZHOODVVRIWVNLOOV>@FDQEHDFKLHYHGE\
FRPELQJ WUDGLWLRQDO LQVWUXFWRUEDVHG WHDFKLQJ PHWKRGV ZLWK
KDQGVRQ VHVVLRQV KHOG LQ WHDPZRUN WR LPSURYH VRFLDO DQG
JURXSZRUNFRPSHWHQFLHV7KHWDVNVRUSUREOHPVVWXGHQWVJHW
FRQIURQWHG ZLWK DUH LQVSLUHG E\ LVVXHV RI KLJK SUDFWLFDO
UHOHYDQFH DQGGHVLJQHGRSHQO\ WR DYRLGSUHGHILQHG VROXWLRQV
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RU DSSURDFKHV %\ XVLQJ PRVWO\ FRPPHUFLDOO\ DYDLODEOH
WHFKQRORJLHV LQ OHDUQLQJ IDFWRULHV D YHU\ DXWKHQWLF OHDUQLQJ
HQYLURQPHQW FDQ EH FUHDWHG UHVXOWLQJ LQ D KLJKO\ LPPHUVLYH
H[SHULHQFHIRUWKHOHDUQHUV>@$GGLWLRQDOO\KLJKHUOHDUQLQJ
VXFFHVV LV DFKLHYHG E\ LQFOXGLQJ WKH RZQ DFWLRQV RI DQG WKH
LQWHUDFWLRQVEHWZHHQWKHOHDUQHUVLQWRWKHOHDUQLQJH[SHULHQFH
FRPSDUHGWRFRQYHQWLRQDOWHDFKLQJDQGOHDUQLQJPHWKRGV>
@
5. ESB Logistics Learning Factory 
7KH PDMRU DLP RI WKH (6% /RJLVWLFV /HDUQLQJ )DFWRU\
//) DW 5HXWOLQJHQ 8QLYHUVLW\ LV WKH GHYHORSPHQW RI D
WUDLQLQJLQVWUXPHQWWRJDLQSURIHVVLRQDODFWLRQFRPSHWHQFHLQ
WKH ILHOG RI WKH GHVLJQ DQG RSWLPL]DWLRQ RI IOH[LEOH DQG
YHUVDWLOHZRUNDQGORJLVWLFVV\VWHPVLQFOXGLQJWKHHUJRQRPLF
HYDOXDWLRQRIWKHVHV\VWHPV7KHSURGXFWLRQV\VWHPLVIRFXVHG
RQWKHDVVHPEO\RIPXOWLYDULDQWVHULHVSURGXFWVLQFOXGLQJWKH
XVHRILQQRYDWLYHWHFKQRORJLHV OLNH&367KHRYHUDOOFRQFHSW
UHJDUGLQJWKHNQRZOHGJHDQGFRPSHWHQFHGHYHORSPHQWRIWKH
//) LV FRPSRVHG E\ GHILQHG OHDUQLQJ JRDOV DQG WKH
FRUUHVSRQGLQJ OHDUQLQJ FRQWHQWV DQG PHWKRGV RI ZRUN DQG
ORJLVWLFV V\VWHP GHVLJQ VWUDWHJLHV WR DFKLHYH DFWLRQ
FRPSHWHQFHDVZHOODVWKHOHDUQLQJHQYLURQPHQWZKLFKFRYHUV
GLJLWDO WRROV IRU DQ LQWHJUDWHG SURGXFW DQG SURFHVV SODQQLQJ
DQG WKH SK\VLFDO LQIUDVWUXFWXUH WR UHDOL]H WKH GHYHORSHG
VROXWLRQV
 &XUULFXOXP

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








)LJ/HDUQLQJJRDOVDQGFXUULFXOXP
7KH FXUULFXOXP RI D OHDUQLQJ IDFWRU\ FRQVLVWV RI GHILQHG
OHDUQLQJ JRDOV ZKLFK DUH UHIHUULQJ WR WKH FRPSHWHQFHV
SDUWLFLSDQWV VKRXOG GHYHORS 7KHVH FRPSHWHQFHV DUH GLYLGHG
LQWRSDUWLDO FRPSHWHQFHV IRUZKLFK WKH UHTXLUHGH[SOLFLW DQG
LPSOLFLW NQRZOHGJH PXVW EH GHWHUPLQHG SURFHVVHG DQG
LQWHJUDWHGLQWRWKHFXUULFXOXP>@)RUWKH//)FRUHOHDUQLQJ
JRDOV DUH GHILQHG LQ WKH ILHOG RI ZRUN DQG ORJLVWLFV V\VWHPV
GHVLJQ$OVRPHWDWDUJHWVZKLFKVKRXOGHQDEOHSDUWLFLSDQWVWR
FRSHZLWKGLIIHUHQWVXUURXQGLQJFRQGLWLRQVUHTXLUHPHQWVDQG
GLIIHUHQW WHFKQLFDO DQG RUJDQL]DWLRQDO SRVVLELOLWLHV LQ IXWXUH
SURGXFWLRQHQYLURQPHQWVKDYHEHHQGHILQHGVHH)LJ
 3URGXFW
7KHSURGXFWRIWKH//)LVDFLW\VFRRWHUZKLFKDOORZVWKH
DVVHPEO\RIIRXUGLIIHUHQWEDVLFYDULDQWV%\XVLQJJHQHUDWLYH
PDQXIDFWXULQJPHWKRGVWKHVWXGHQWVFDQLQFUHDVHWKHQXPEHU
RIYDULDWLRQVDQG LQWHJUDWH WKHPLQWR WKHSUHYLRXVSURGXFWLRQ
SURFHVVHV7KHFLW\ VFRRWHU LVFRPSRVHGRI URXJKO\SDUWV
ZKLFK DOORZV D VXIILFLHQW FRPSOH[LW\ IRU ZRUNIORZSODQQLQJ
WDVNV0RUHRYHU LQVWHDG RI FRPSOH[ DQG LUUHVROYDEOH MRLQWV
WKH FLW\ VFRRWHU UHTXLUHV DVVHPEO\ SURFHGXUHV DFFRUGLQJ WR
',1RQO\ZKLFKDOORZWKHUHXVHRIWKHVFRRWHULQWKH
OHDUQLQJ IDFWRU\ $OO LQ DOO WKLV SURGXFW JLYHV YDULRXV
RSSRUWXQLWLHVIRULQGLYLGXDOL]DWLRQPRGXODUL]DWLRQWKHXVHRI
SUHDVVHPEOLHV HWF VR WKDW GLIIHUHQW TXDOLILFDWLRQ VFHQDULRV
ZLWKVSHFLILFIRFLFDQEHGHVLJQHGE\XVLQJWKLVSURGXFW
 ,QIUDVWUXFWXUH
7KH //) LV HTXLSSHG ZLWK D FRQWLQXRXVO\ LQWHJUDWHG
SURGXFW DQG SURFHVV SODQQLQJ HQYLURQPHQW (QJLQHHULQJ 	
2SHUDWLRQV &RFNSLW (2& DV ZHOO DV YDULRXV NLQGV RI
SK\VLFDO LQIUDVWUXFWXUH DOORZLQJ WKH GHVLJQ RI UHDOLVWLFZRUN
DQG ORJLVWLFV V\VWHPV %DVHG RQ WKH GHILQHG SURGXFW DQG
ILFWLRQDO FXVWRPHU RUGHUV WKLV OHDUQLQJ HQYLURQPHQW DOORZV
VWXGHQWV WR SODQ YDOLGDWH UHDOL]H DQG RSWLPL]H D SURGXFWLRQ
V\VWHPKROLVWLFDOO\
 'LJLWDOSODQQLQJHQYLURQPHQW
7KH (2& IXOILOV WKH UHTXLUHPHQW IRU DQ LQWHJUDWHG GLJLWDO
HQJLQHHULQJ FRYHULQJ WKH HQWLUH YDOXH FKDLQ DV GHVFULEHG E\
>@,PSRUWDQWFRPSRQHQWVRIWKH(2&DUHWRROVIRUSURGXFW
SURFHVVDQGHUJRQRPLFZRUNSODFHGHVLJQDQGWRROVIRUIDFWRU\
OD\RXW SODQQLQJ PDWHULDO IORZ VLPXODWLRQ DQG SURGXFWLRQ
SODQQLQJ DQG PRQLWRULQJ $OO SKDVHV RI WKH YDOXH FUHDWLRQ
SURFHVV IURP WKH SURGXFW GHVLJQ WR GLVWULEXWLRQ DUH YLUWXDOO\
FDSWXUHG ZLWKLQ WKLV V\VWHP %\ XVLQJ &$7,$ IRU SURGXFW
SODQQLQJ DQG '(/0,$ IRU SURFHVV DQG UHVRXUFH SODQQLQJ
PRVW RI WKH RYHUDOO UHTXLUHG GDWD DQG IXQFWLRQDOLWLHV DUH
LQWHJUDWHGLQWKHVDPHSODWIRUP7RHQULFKWKHGHVLJQGDWDRI
WKHSURGXFWZLWKWKHUHTXLUHGDVVHPEO\WLPHVWKHVRIWZDUHWRRO
0707L&RQLVLQXVH%DVHGRQWKLVLQIRUPDWLRQWKHWDFWWLPH
RIWKHDVVHPEO\V\VWHPFDQEHGHWHUPLQHGDQGZRUNVFKHGXOHV
DQG LQVWUXFWLRQVFDQEHFUHDWHGZLWKLQ WKHPDWHULDOH[HFXWLRQ
V\VWHPEHFRV0(6XVHULQWHUIDFHRUVHSDUDWHO\RQDQ\HQGXVHU
GHYLFH WKURXJK +70/ $FFRUGLQJO\ FKDQJHV UHJDUGLQJ
SURGXFWVDQGSURFHVVHVFDQEHH[DPLQHGGLJLWDOO\ WR LGHQWLI\
UHTXLUHG DGDSWLRQV RI WKH SK\VLFDOZRUN V\VWHP 7KURXJK DQ
RQOLQHVKRSFXVWRPHURUGHUVDUHJHQHUDWHGSURFHVVHGE\WKH
PDQXIDFWXULQJ H[HFXWLRQ V\VWHP DQG ILQDOO\ DOORFDWHG WR WKH
FRUUHVSRQGLQJ ZRUN SODFHV LQ WKH SK\VLFDO OHDUQLQJ IDFWRU\
7KH LQIRUPDWLRQ IORZ LV GHVLJQHG ELGLUHFWLRQDOO\ WR DOORZ
ERWK WKH GLVWULEXWLRQ RI LQIRUPDWLRQ WR GLIIHUHQW ORFDWLRQV
ZLWKLQWKHIDFWRU\DVZHOODVLQRSSRVHGGLUHFWLRQEDFNWRWKH
SODQQLQJ HQYLURQPHQW EDVHG RQ LQIRUPDWLRQ JHQHUDWHG DW WKH
VKRS IORRU OHYHO HQULFKHG E\ WKH GDWD SURGXFHG E\ WKH VWUHVV
DQGVWUDLQFRFNSLWVHHFKDSWHUWRLQFOXGHWKHHPSOR\HHV¶
LQGLYLGXDO SK\VLFDO FRQGLWLRQ LQWR SODQQLQJ 7KH JDLQHG
LQIRUPDWLRQ FDQ EH DJJUHJDWHG DQDO\]HG DQG LQWHUSUHWHG E\
WKHOHDUQHUVWRRSWLPL]HXQGUHVWUXFWXUHWKHSURGXFWLRQV\VWHP
79 Vera Hummel et al. /  Procedia CIRP  32 ( 2015 )  76 – 81 
ZLWKLQWKH(2&WRYDOLGDWHLPSURYHPHQWVGLJLWDOO\EHIRUHWKH
FKDQJHV DUH H[HFXWHG LQ WKH SK\VLFDO HQYLURQPHQW $OVR
LQVWUXFWRUV FDQ XVH WKLV GLJLWDO HQYLURQPHQW WR LQLWLDWH
UHVFKHGXOLQJDFWLRQVRU LQWURGXFH WXUEXOHQFHVHJDGGLWLRQDO
KLJK SULRULW\ FXVWRPHU RUGHUV PDOIXQFWLRQ RI LQIUDVWUXFWXUH
HWFZKLFKKDYHWREHVROYHGE\WKHSDUWLFLSDQWV
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)LJ6FKHPDWLFGLDJUDPRIWKH(6%/RJLVWLFV/HDUQLQJ)DFWRU\
 3K\VLFDOOHDUQLQJIDFWRU\
)ROORZLQJ WKH IRFXV RI WKH //) D ODUJH YDULHW\ RI
DVVHPEO\DQGORJLVWLFVLQIUDVWUXFWXUHDVZHOODVHTXLSPHQWIRU
HUJRQRPLF HYDOXDWLRQ LV DYDLODEOH IRU WKH SDUWLFLSDQWV WR
LPSOHPHQWDQGRSWLPL]HSURGXFWLRQV\VWHPV
$VVHPEO\
$PRGXODU SLSH FRQVWUXFWLRQ V\VWHP IURP%HH:D7HF FDQ
EHXVHGE\WKHOHDUQHUVWREXLOGFXVWRPL]HGDVVHPEO\TXDOLW\
FKHFN DQG SDFNDJLQJZRUNVWDWLRQV ,W DOORZV WKH SDUWLFLSDQWV
WR EXLOG YDULRXV NLQGV RI FXVWRPL]HG SK\VLFDO LQIUDVWUXFWXUH
ZKLFK DOVR FDQ EH UHFRQILJXUHG RU RSWLPL]HG HDVLO\ HJ
IROORZLQJHUJRQRPLFLVVXHVLGHQWLILHGE\WKHXVHRIWKHVWUHVV
DQGVWUDLQFRFNSLW6LQFHDOOZRUNVWDWLRQVDUHPRELOHDQGDUH
HTXLSSHG ZLWK ZLUHOHVV FRPPXQLFDWLRQ WHFKQRORJ\ DQG
DFFXPXODWRU EDWWHULHV WKHUH DUH QR OLPLWDWLRQV UHJDUGLQJ
FKDQJHV RI WKH IDFWRU\ OD\RXW 7KH ZRUNHUV DW WKH DVVHPEO\
VWDWLRQV FDQ XVH PRELOH WDEOHWSFV HJ WR UHFHLYH RUGHUV WR
VHQG LQIRUPDWLRQ EDFN WR WKH SODQQLQJ V\VWHP RU WR DFFHVV
PXOWLPHGLDEDVHG ZRUN LQVWUXFWLRQV DQG DQDO\VLV RI VSHFLILF
SURGXFWLRQSURFHVVHV7KHDFFHVVRU IHHGEDFNRI LQIRUPDWLRQ
FDQEHGRQHPDQXDOO\RU DXWRPDWLFDOO\ HJ E\XVLQJ5),'
WHFKQRORJ\HPEHGGHGRQWKHSURGXFWLWVHOIRURQWKHMLJV
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
)LJ$VVHPEO\ZRUNVWDWLRQDW(6%/RJLVWLFV/HDUQLQJ)DFWRU\
/RJLVWLFV
)RU VWRUDJH SXUSRVHV UDFNV IRU ER[HV DQG SDOOHWV FDQ EH
EXLOW E\ XVLQJ WKH PRGXODU SLSH V\VWHP DOUHDG\ PHQWLRQHG
%HVLGHVPDQXDO SDOOHW WUXFNV DQG WUDQVSRUW WUROOH\V GLIIHUHQW
NLQGV RI DXWRQRPRXV JXLGHG YHKLFOHV $*9V DV ZHOO DV DQ
LQWHOOLJHQW FRQWLQXRXV FRQYH\RU V\VWHP FDQ EH XVHG IRU
PDWHULDO WUDQVSRUW 7KH $*9V FDQ EH LPSOHPHQWHG DV ERWK
WUDFWRUV IRU WXJJHU WUDLQV DQG VKRRWHU UDFNV WR DXWRPDWH WKH
PDWHULDO VXSSO\ RI WKH DVVHPEO\ VWDWLRQV 5RXWLQJ DQG
QDYLJDWLRQ RI WKH YHKLFOHV LV GRQH E\ XVLQJ RSWLFDO WUDFNV RU
ODVHUEDVHG QDYLJDWLRQ WR DOORZ IOH[LEOH IDFWRU\ OD\RXWV 7KH
PRGXODU DQG HQWLUHO\ ORFDOO\ FRQWUROOHG FRQYH\RU V\VWHP
³)OH[&RQYH\RU´ SURYLGHG E\ *HEKDUGW )|UGHUV\VWHPH LV D
SHUIHFWH[DPSOHIRUD&36LPSOHPHQWDWLRQIRULQWUDORJLVWLFVDV
GHILQHGE\>@%\PHDQVRIWKHSOXJDQGSOD\IXQFWLRQDOLW\
DQGORFDOFRQWUROXQLWVLQHDFKFRQYH\RUPRGXOHWKHPRGXOHV
FDQ EH FRPELQHG WR XVHUGHILQHG FRQYH\LQJ OLQHV ZLWKRXW D
QHHGRIDFHQWUDOFRQWUROHQWLW\
+XPDQ0DFKLQH,QWHUIDFHV+0,
%HVLGHVWKHSUHYLRXVPHQWLRQHGWDEOHWSFVZKLFKDUHXVHG
IRU ELGLUHFWLRQDO LQIRUPDWLRQ H[FKDQJH EHWZHHQ WKH
ZRUNVWDWLRQVDQGWKHGLJLWDOSODQQLQJHQYLURQPHQWDGGLWLRQDO
LQQRYDWLYH +0, DUH SDUW RI WKH LQIUDVWUXFWXUH IRU HGXFDWLRQ
WUDLQLQJDQG UHVHDUFKSXUSRVHV7RDXWRPDWH VSHFLILFSURFHVV
RU WR IDFLOLWDWH WKH ZRUN RI WKH ZRUNHUV WZR FROODERUDWLYH
URERWV5HWKLQN5RERWLFV%D[WHUDQG8QLYHUVDO5RERWV85
FDQEHLPSOHPHQWHGLQWRWKHZRUNV\VWHP7KURXJKVRQDUDQG
WDFWLOH VHQVRUV WKHVH URERWV DUH DEOH WR FROODERUDWH ZLWK
ZRUNHUV ZLWKRXW SURWHFWLYH IHQFHV 7KHVH URERWV DOVR FDQ EH
WDXJKWGLUHFWO\E\PRYLQJWKHURERWMRLQWVZKLFKDOORZVWKHVH
URERWV WR EH LQWHJUDWHG TXLFNO\ IRU VSHFLILF WDVNV GLUHFWO\ E\
WKH ZRUNHU 7KHUHIRUH OHDUQHUV DUH DEOH WR H[SHULHQFH
SRWHQWLDOV DQG OLPLWDWLRQV RI FROODERUDWLYH URERWV ZKLFK
VKRXOG QRW UHSODFH WKH ZRUNHU EXW DVVLVW KLP LQ D SUDFWLFH
RULHQWHG PDQQHU DQG H[DPLQH WKH HIIHFWV RI WKLV WHFKQLFDO
DVVLVWDQFH V\VWHP RQ WKH FDSDFLWLHV WKURXJKSXW WLPHV RU
SK\VLFDO VWUDLQ RI VHOHFWHG ZRUN WDVNV )RU PRUH FRPSOH[
WDVNV WKHVH URERWV FDQ EH DOVR SURJUDPPHG YLD WKH RSHQ
VRXUFH IUDPHZRUN 526 )XUWKHUPRUH VWRUDJH UDFNV FDQ EH
HTXLSSHG ZLWK D SLFNE\OLJKW V\VWHP WR GHPRQVWUDWH WKH
SRWHQWLDO RI RSWLFDO DVVLVWDQFH V\VWHPV HJ WKH LPSDFW RQ
HIILFLHQF\ DQG TXDOLW\ RI SLFNLQJ RU YHUVDWLOH DVVHPEO\
SURFHVVHV ,Q DGGLWLRQ WKH VHOIGHYHORSHG VWUHVV DQG VWUDLQ
FRFNSLW SURYLGHV LQQRYDWLYH DQG H[WHQVLYH SRVVLELOLWLHV IRU
HUJRQRPLF HYDOXDWLRQ DQG G\QDPLF SODQQLQJ RI SURFHVVHV
ZLWKLQ WKH //) ,W FDQ EH XVHG LQ DGGLWLRQ WR FRQYHQWLRQDO
HYDOXDWLRQPHWKRGVDVWKH(UJRQRPLF$VVHVVPHQW:RUNVKHHW
($:6WKH.H\,QGLFDWRU0HWKRG.,0RURWKHUPHWKRGV
XVXDOO\ XVHG LQ SUDFWLFH7KH FRFNSLW XVHV GLIIHUHQW W\SHV RI
VHQVRUV WR PHDVXUH LQGLYLGXDOUHODWHG GDWD ZKLFK DUH
DXWRPDWLFDOO\ DQDO\]HG DQG SURFHVVHG E\ D ORJLFDO V\VWHP
VWUXFWXUHZKLFKLVDQHVVHQWLDOHOHPHQWRIWKHVWUHVVDQGVWUDLQ
FRFNSLW 7KURXJK D FRQVWDQW IHHGEDFN UHDOL]HG E\
LQWHUFRQQHFWLYLW\ EHWZHHQ WKH FRFNSLW DQG WKH KLJKHUOHYHO
V\VWHPV D UHDOWLPH HYDOXDWLRQ LV IDFLOLWDWHG ZKDW PDNHV
SRWHQWLDOIRUFRUUHFWLYHLQWHUYHQWLRQVYLVLEOH
 ,QWHUFRQQHFWLYLW\RQWKHH[DPSOHRIWKHZRUNV\VWHP
VWUHVVDQGVWUDLQFRFNSLW
)XOO\ FURVVOLQNHG PDQXIDFWXULQJ HQYLURQPHQWV RIIHU
SRWHQWLDOV IRU FRPSOHWHO\ QHZ LQIRUPDWLRQ IORZ DQG FRQWURO
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V\VWHPV ZKLFK HQDEOH G\QDPLF SODQQLQJ RI DOO EXVLQHVV
SURFHVVHV LQ UHDOWLPHEDVHGRQYDULRXVNLQGVRI LQIRUPDWLRQ
>@,QWKH(6%/RJLVWLFV/HDUQLQJ)DFWRU\YDULRXVSURMHFWV
IRU OLQNLQJ WKH SHUVLVWLQJ SK\VLFDO LQIUDVWUXFWXUH ZLWK WKH
GLJLWDOSODQQLQJHQYLURQPHQWZHUHODXQFKHG6\VWHPVWKDWDUH
XVHG PRVWO\ SDUDOOHO VR IDU QRZ KDYH WR EH FRQQHFWHG DQG
FRQVHTXHQWO\ ZLOO HQDEOH D FRQWLQXRXV LQWHUDFWLYH DQG
G\QDPLFSODQQLQJSURFHVV LQ UHDOWLPH WKURXJKUHFRQFLOLDWLRQ
RI WKH GHVLUHG DQG WKH DFWXDO FRQGLWLRQV %HVLGHV WKH
ELGLUHFWLRQDO LQIRUPDWLRQ IORZ RI VSHFLILF SURGXFWLRQ GDWD
ZLWKDGLUHFWIHHGEDFNWRWKHGLJLWDOSODQQLQJV\VWHPWKURXJK
GHWHUPLQHG .3, GHVFULELQJ WKH DFWXDO VWDWXV RI WKH ZRUN
V\VWHP WKH IROORZLQJ H[DPSOH GHVFULEHV WKH VSHFLILFDOO\
GHYHORSHGVWUHVVDQGVWUDLQFRFNSLWZKLFK LQFOXGHV UHDOWLPH
LQGLYLGXDOHUJRQRPLFGDWDLQWRSODQQLQJ7KHVWUHVVDQGVWUDLQ
FRFNSLWVHH)LJFRQVWLWXWHVDFRPSUHKHQVLYHDSSURDFKIRU
DV\VWHPDWLFDQGFRQVLVWHQWHYDOXDWLRQRIWKHVWUHVVVWDWXVDQG
WKH LQGLYLGXDO VWUDLQ RI HPSOR\HHV LQ WKH PDQXIDFWXULQJ
LQGXVWU\+RZHYHUWKLVV\VWHPLVQRWRQO\DJRRGH[DPSOHIRU
FRQQHFWLYLW\ EHWZHHQ GLIIHUHQW V\VWHPV EXW DOVR VKRZV DQ
DSSURDFKWRDGGUHVVWKHFKDQJLQJDJHVWUXFWXUHRISURGXFWLRQ
SHUVRQQHOGXHWRWKHRQJRLQJGHPRJUDSKLFFKDQJH>@
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)LJ6WUHVVDQG6WUDLQ&RFNSLW
7KH V\VWHP SURYLGHV LQIRUPDWLRQ LQ UHDOWLPH DERXW WKH
VWUHVVDQGVWUDLQVWDWXVRIZRUNHUVDQGFDQEHXVHGLQDGGLWLRQ
WRHVWDEOLVKHGHYDOXDWLRQPHWKRGVRIHUJRQRPLFV7KHFRFNSLW
LVFRPSRVHGRIGLIIHUHQWW\SHVRIVHQVRUVZKLFKJHQHUDWHGDWD
UHJDUGLQJ WKH LQGLYLGXDO FRQGLWLRQRI DZRUNHU DXWRPDWLFDOO\
DQG LQ UHDOWLPH 7KURXJK D VHOISURJUDPPHG DOJRULWKP WKH
PHDVXUHG YDOXHV DUH DJJUHJDWHG DQG LQWHUSUHWHG >@ 7KH
UHOHYDQWGDWDLVJDWKHUHGHLWKHURQUHTXHVWDVIRUH[DPSOHDJH
RU JHQGHU RI WKH SHUVRQ RU LV PHDVXUHG E\ VHQVRUV DV WKH
KHDUW UDWH RU SHUVSLUDWLRQ UDWH )XUWKHU HQYLURQPHQWDO
LQIOXHQFHV DV WHPSHUDWXUH KXPLGLW\ OLJKWLQJ RU WKH VRXQG
OHYHOFDQEHPHDVXUHGDQGDVVRFLDWHGWRRWKHUFROOHFWHGGDWD
$OO WKHVH LQLWLDOO\ XQFRQQHFWHG LQIRUPDWLRQ FDQ EH
DXWRPDWLFDOO\ SURFHVVHG DQG DOORZ D VWDWHPHQW DERXW WKH
DFWXDO FRQGLWLRQ RI D ZRUNHU $Q DXWRPDWLF IHHGEDFN WDNHV
SODFHGDWDLVDQDO\]HGDXWRPDWLFDOO\OLQNHGWRRWKHUGDWDDQG
GLVSOD\HGRQDGDVKERDUGLQUHDOWLPHDQGXVHGWRLPSURYHWKH
ZRUNLQJV\VWHP7KLVUHDOWLPHHUJRQRPLFGDWDJDWKHULQJDQG
SURFHVVLQJPHWKRG FRPELQHGZLWK WKH GDWD JHQHUDWHG E\ WKH
&36KDVD KXJHSRWHQWLDO WR LPSURYH WKHSODQQLQJTXDOLW\RI
FROODERUDWLYHZRUN V\VWHPV VLQFH D SRWHQWLDO RYHUVWUHVV RI D
ZRUNHU FDQ EH GHWHUPLQHG ZLWKLQ D VKRUW SHULRG RI WLPH
8OWLPDWHO\WKHVWXGHQWVFDQEHSXWLQWRWKHUROHRIVXSHUYLVLQJ
DQ LQWHJUDWHG V\VWHP RI V\VWHPV DQG XVH WKH GHOLYHUHG
LQIRUPDWLRQIRUWKHFRQWLQXRXVRSWLPL]DWLRQRIWKHSURGXFWLRQ
V\VWHPLQWKHOHDUQLQJIDFWRU\
7RDFKLHYHVXFKDFURVVOLQNLQJRIGLIIHUHQWV\VWHPVDQXPEHU
RI FKDOOHQJHV KDYH WR EH FRQVLGHUHG $ ZLGH UDQJH RI
LQWHUIDFHVKDYH WREHHVWDEOLVKHGDQGRSHUDWHGJDWKHUHGGDWD
KDYH WR EH SUHSURFHVVHG WR FRPSDWLEOH DQG FRPSDUDEOH
LQIRUPDWLRQDKLJKHU OHYHOV\VWHPIRUDQDJJUHJDWHGYLHZRI
UHOHYDQWLQIRUPKDVWREHHVWDEOLVKHG0DFKLQHULHVZDUHKRXVH
DQGSURGXFWLRQV\VWHPVDVZHOODVDOORWKHUHVVHQWLDOREMHFWV
KDYH WR EH HTXLSSHG ZLWK VHQVRUV RU DFWRUV DQG KDYH WR EH
FRQQHFWHGWRWKHRYHUDOOV\VWHPRUHYHQWRWKHLQWHUQHW>@
 4XDOLILFDWLRQSURFHGXUH









)LJ4XDOLILFDWLRQSURFHGXUH
7R DFKLHYH WKH JLYHQ REMHFWLYH RI SURYLGLQJ WKH OHDUQHU
ZLWK WKH UHOHYDQW VNLOOV DQG FRPSHWHQFHV D PXOWLVWDJHG
TXDOLILFDWLRQ FRQFHSW LV XVHG VHH )LJ  7KLV FRQFHSW
FRQWDLQVSKDVHVRIVHOIVWXG\LQVWUXFWLRQSUDFWLFHDQGWKHVHOI
GHSHQGHQW DFWLRQ DQG H[SHULHQFH RULHQWHG DSSOLFDWLRQ RI
PHWKRGV ZLWKLQ D FRPSUHKHQVLYH DQG FRPSOH[ WDVN LQ WKH
OHDUQLQJ IDFWRU\ 7KH VHOIGLUHFWHG UHDFWLYDWLRQ RI EDVLF
NQRZOHGJH LV QHHGHG WR HQVXUH WKDW DOO SDUWLFLSDQWV KDYH WKH
VDPHHQWU\OHYHORINQRZOHGJHZKDWLPSURYHVWLPHHIILFLHQF\
RI WKH DFWXDO WUDLQLQJ 7R WUDQVIHU QHZ NQRZOHGJH DQG
PHWKRGV GLIIHUHQW WHDFKLQJ PHWKRGV OLNH LQVWUXFWLYH DQG
FRQVWUXFWLYH OHDUQLQJ DUH FRPELQHG 7KLV TXDOLILFDWLRQ SDUW
DOUHDG\ WDNHVSODFH LQ WKHDFWXDO OHDUQLQJ IDFWRU\ WRPDNH WKH
SDUWLFLSDQWV IDPLOLDU ZLWK WKH XVHG GLJLWDO DQG SK\VLFDO
LQIUDVWUXFWXUH 7KH UROH RI WKH WUDLQHU LV EHFRPLQJPRUH DQG
PRUHSDVVLYHVKLIWLQJIURPDSXUHLQVWUXFWRUWRDPRGHUDWRURU
FRDFK )LQDOO\ WKH OHDUQHUV DUH FRQIURQWHG ZLWK WKH ILQDO
TXDOLILFDWLRQVFHQDULRDQGUHFHLYHDOOUHTXLUHGLQIRUPDWLRQOLNH
SURGXFWDQGRUGHUGDWD%DVHGRQWKLVLQIRUPDWLRQWKHOHDUQHUV
SODQ DQG GHVLJQ WKHLU LQGLYLGXDO RSHUDWLRQDO FROODERUDWLYH
SURGXFWLRQV\VWHP7KHWUDLQHUVDUHRQO\DVVLVWLQJWKHOHDUQHUV
LQ FDVH RI TXHVWLRQV UHJDUGLQJ WKH XVHG WHFKQLFDO DVVLVWDQFH
V\VWHPVDWWKLVVWDJHRIWKHTXDOLILFDWLRQSURFHGXUH'XULQJWKH
DFWXDORSHUDWLRQRIWKHIDFWRU\WKHWUDLQHUPD\LQWURGXFHVRPH
WXUEXOHQFH ZKLFK LV IRUFLQJ WKH OHDUQHUV WR FKDQJH WKHLU
SODQQLQJDQG WRUHFRQILJXUH WKHFROODERUDWLYH VRFLRWHFKQLFDO
ZRUNLQJ V\VWHP$QREMHFWLYH HYDOXDWLRQRI WKH H[HFXWLRQRI
WKH JLYHQ WDVN FDQEH FRQGXFWHGEDVHGRQ VSHFLILF LQGLFDWRUV
OLNH WKH FDSDFLW\ XWLOL]DWLRQ WKURXJKSXW WLPHV TXDOLW\
SHUIRUPDQFH LQGLFDWRUV RQWLPH GHOLYHU\ RU HUJRQRPLF
PHDVXUHV IURP WKH VWUHVV DQG VWUDLQ FRFNSLW %XW PRUH
LPSRUWDQW WKDQ WKHVHREMHFWLYHFULWHULD LV WKH UHIOHFWLRQRI WKH
OHDUQHUV JURXS UHJDUGLQJ WKH OHDUQHG PHWKRGV WKH PDGH
GHFLVLRQV DQG WKH H[FKDQJH RI LQGLYLGXDO H[SHULHQFHV
DFFRUGLQJWRWKHDGRSWHGUROHZLWKLQWKHWHDP
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6. Summary and outlook 
/HDUQLQJ IDFWRULHV KDYH SURYHQ WR EH DQ DSSURSULDWH
PHGLXP WR GHYHORS WKH UHTXLUHG V\VWHP DQG LQWHUIDFH
XQGHUVWDQGLQJ WR HQDEOH WKH SDUWLFLSDQWV WR LPSOHPHQW
SURGXFW RU SURGXFWLRQEDVHG LQQRYDWLRQV DV ZHOO DV WR WUDLQ
IXWXUH LQGXVWULDO HQJLQHHUV WR GHVLJQ RU UHFRQILJXUH WKH
VXEVHTXHQW SURFHVVHV XQGHU VWURQJ FRQVLGHUDWLRQ RI KXPDQ
IDFWRUV 7KH (6% /RJLVWLFV /HDUQLQJ )DFWRU\ XVHV
FRPPHUFLDOO\ DYDLODEOH WHFKQRORJLHV HQKDQFHG E\ LQKRXVH
GHYHORSHG VROXWLRQV WR FUHDWH D WU\DQGHUURU OHDUQLQJ
HQYLURQPHQW FRYHULQJ WKH FHQWUDO DVSHFWV RI LQWHJUDWHG
ZRUNLQJDQGORJLVWLFVV\VWHPV'LIIHUHQWH[DPSOHVIRUKXPDQ
PDFKLQHFROODERUDWLRQV FDQ EH GHPRQVWUDWHG DQG XVHG IRU
TXDOLILFDWLRQPHDVXUHV1RWRQO\PHWKRGV DQG WRROV FRYHULQJ
GLIIHUHQW DVSHFWV RI LQGXVWULDO HQJLQHHULQJ DUH WDXJKW LQ D
SUDFWLFHRULHQWHG PDQQHU EXW DOVR WKH GHYHORSPHQW RI
SUDFWLFDO NQRZOHGJH DQG WKH LQWURGXFWLRQ RI LQQRYDWLYH HDV\
WRKDQGOHSURGXFWLRQ WHFKQRORJ\ OLNH'SULQWLQJ LQWRD VR
FDOOHG ³6\VWHP RI 6\VWHPV´ DUH SDUW RI WKH OHDUQLQJ IDFWRU\
FRQFHSW$OVR WKH(6%/RJLVWLFV /HDUQLQJ)DFWRU\ LV D WHVW
EHG IRU UHVHDUFKHUV WR GHYHORS LQQRYDWLYH V\VWHPV OLNH WKH
VWUHVVDQGVWUDLQFRFNSLWZKLFKDOORZV WKHUHVHDUFKHUV WR WHVW
DQG LPSURYH WKHLUV\VWHPV LQSUDFWLFHDQG WRJLYH OHDUQHUVDQ
LQVLJKW LQWR FXUUHQW ILHOGV DQG DFWLYLWLHV RI UHVHDUFK ,Q
DGGLWLRQ HPHUJLQJ WHFKQRORJLHV DUH HYDOXDWHG UHJXODUO\
UHJDUGLQJWKHLUSRWHQWLDOSUDFWLFDOXVHDQGLQFDVHRIDSRVLWLYH
UHVXOWZLOOEHLQWHJUDWHGLQWRWKHFXUULFXOXP$FHQWUDODLPRI
WKH(6%/RJLVWLFV/HDUQLQJ)DFWRU\LQWKLVDUHDLV WRLGHQWLI\
VROXWLRQV IRU IXWXUHRULHQWHG KXPDQFHQWHUHG ZRUN V\VWHPV
ZKLFK DUH DOVR DWWUDFWLYH IRU VPDOO DQG PHGLXP VL]HG
HQWHUSULVHV DQG WR TXDOLI\ WKHLU HPSOR\HHV IRU WKH GHVLJQ RI
LQQRYDWLYHZRUNHQYLURQPHQWVROXWLRQV5LJKWIURPWKHVWDUWXS
LQ  LW UHFHLYHV DSSUHFLDWLRQ IURP WKH VWXGHQW ERG\
REMHFWLILHGHJ WKURXJKKLJKHUDWWHQGDQFHUDWHVDQGLPSURYHG
HYDOXDWLRQV RI WKRVH OHFWXUHV RQ ERWK %6F DQG06F OHYHO
WKDWDUHQRZKHOG LQ WKH(6%/RJLVWLFV/HDUQLQJ)DFWRU\DQG
DOVRJDLQHGLQWHUHVWIURPWKHLQGXVWU\VLGHVRWKDWILUVWWUDLQLQJ
SURJUDPV FRXOG EH GHYHORSHG DQG SHUIRUPHG ZLWK H[WHUQDO
SDUWLFLSDQWV ± DJDLQ UHFHLYLQJ YHU\ SRVLWLYH IHHGEDFN%DVHG
RQ WKHVH H[SHULHQFHV DQG ILUVW VXFFHVVHV WKH OHDUQLQJ IDFWRU\
ZLOO EH IXUWKHU LQWHJUDWHG LQWR WKHGLIIHUHQW GHJUHHSURJUDPV¶
FXUULFXODDQG9(7RIIHUVZLOOEHH[SDQGHG
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